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Summary 
The identity of the guanine nucleotide-binding protein (G protein) involved in T cell activation 
pathways remains unclear.  We identified a 68-kD GTP-binding protein associated with the T 
cell receptor (TCR)/CD3 complex using immunoprecipitation and GTP-af~nity labeling techniques. 
Proteins coimmunoprecipitated  with the TCK/CD3  complex in digitonin  lysate of a human 
leukemic T cell line,  MOLT 16, were incubated with oe-[32p]GTP and irradiated with ultraviolet 
rays to covalently link the labeled GTP to GTP-binding proteins. They were then analyzed by 
electrophoresis.  The 68-kD protein exhibited nucleotide specificity for GTP-binding  and was 
insensitive  to  cholera  and  pertussis  toxins.  The  68-kD  GTP-binding  protein  could  be 
coimmunoprecipitated with the TCK/CD3 complex but not with other surface molecules such 
as major histocompatibility complex class I and lymphocyte function associated-I, which do not 
cause rapid Ca  2+ mobilization.  These suggest that the 68-kD GTP-binding protein is specifically 
associated with  the TCK/CD3  complex. 
T 
riggering  the TCK/CD3  complex induces phosphati- 
dylinositol 4,5-bisphosphate (PIP2) hydrolysis resulting 
in the activation of protein kinase C and the release of Ca  2§ 
from intraceUular store sites  (1).  It has been supposed that 
G proteins were involved in the TCK-mediated signal trans- 
duction because G protein stimulators,  guanosine 5'-(3-0- 
thio) triphosphate  (GTPyS), and fluoroaluminate (AIF4-), 
induced PIP2 hydrolysis in permeabilized human T lympho- 
cytes (2, 3) and because cholera toxin (CT), a well-known 
modulator  of the Gs-c~ subunit,  inhibited T  cell prolifera- 
tion induced by PHA stimulation (4). However, in light of 
the recent report that growth inhibition by CT was due to 
the loss of the TCK expressed on the T cell surface and not 
to the modulation of CTosensitive  G proteins (5), it remains 
unknown which G  protein(s)  participates  in T  cell activa- 
tion pathways.  Here,  we demonstrate  the association  of a 
previously uncharacterized  GTP-binding  protein  with  the 
TCK/CD3  complex in human  T  cells. 
Materials and Methods 
Antibodies and Coupling mAb to Beads.  CD3 mAb OKT3, CDlla 
mAb TS1/22.1.1.13, CD58 mAb TS2/9.1.4.3,  and FILA-A,B,C 
mAb W6/32, were purchased from American Type Culture Col- 
lection (Rockville, MD) and purified with a protein  A column. 
For coupling mAb to the beads, antibody (1.2 mg) was dissolved 
in 2 ml of a coupling buffer, pH 8.5, containing 0.2 M NaHCO3 
and 0.5 M NaC1, and added to 0.2 g of AF-Tresyl Toyopear1650M 
(Tosoh Co., Tokyo, Japan). After the coupling was allowed to pro- 
ceed for 10 h at 20~  the gel was treated with 0.2 M Tris-HC1 
buffer, pH 8.0, containing 0.5 M NaC1 for 4 h at 20~  The coup- 
ling yield was ~o80% (i.e., 1 mg/ml wet gel). 
Membrane Preparation, Cell Lysis, and Immunotrrecipitation.  Mem- 
branes of MOLT 16 cells, a human leukemic T cell line (6) gener- 
ously provided by Dr. Jun Minowada (Hayashibara Biochemical 
Laboratories, Okayama, Japan), were prepared as described previ- 
ously (7). The yield of membrane protein was '~1 mg/5  x  107 
cells. Cells or membranes were lysed at 5  x  107 cells/ml  or 1 
mg/ml,  respectively, in lysis buffer composed of 1% digitonin, 
0.15 M NaC1, 20 mM Tris-HC1, pH 7.4, 2 mM PMSF, 10 mM 
iodoacetamide, 5 #g/ml pepstatin A, and 5/zg/ml leupeptin at 4~ 
for 60 min.  After centrifugation  at 12,000 g for 15 rain,  lysates 
were precleared with mouse IgG-coupled beads at 4~  for 2 h. 
Immunoprecipitation was performed as described previously (8) by 
using  antibody-coupled  Toyopearl beads. 
Photoa~nity Labeling of GTP-binding Proteins in Immunoprecipi- 
tag  c~-[32p]GTP-af~nity  labeling of GTP-binding proteins by UV 
irradiation  was performed essentially as previously described (7). 
Briefly, immunoprecipitated  beads (10-30 #1) were incubated in 
50 #1 of GTP exchange buffer containing  25 mM MgC12, 1 mM 
EDTA, 1 mM DTT, 0.1 M NaC1, and 20 mM Tris-HC1, pH 8.0, 
with 1 MBq ot-[3~P]GTP (29.6 TBq/mmol;  New England  Nu- 
clear, Boston,  MA) at 30~  for 90 rain,  and then irradiated on 
ice with an HP-115C UV lamp (254 nm, 230 W; ATTO Corp., 
Tokyo, Japan) at a distance of 5 cm for 15 rain.  Then the beads 
were washed twice with 20 mM Tris-HC1, pH 7.4, to remove free 
radioactivity. The proteins were eluted from the beads by incubating 
at 65~  for 10 rain in 50/zl of Laemmli's reducing sample buffer, 
and analyzed by SDS/12%  PAGE. Protein bands were visualized 
by autoradiography using Kodak X-Omat AR film (Eastman Kodak 
Co., Rochester,  NY) with an exposure time of 3 d at  -70~ 
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proteins were ADP ribosylated with 370 kBq [adenyhte-32p]NAD 
(29.6 TBq/mmol; New England Nuclear) and 20 #g/ml preacti- 
vated CT or pertussis toxin  (PT) (List Biological Laboratories, 
Campbell, CA) as described  previously  (9) in 50/zl of  reaction  buffer, 
pH  7.4, containing  0,1  M sodium phosphate, 2.5 mM MgC12, 
1 mM EDTA, 10 mM thymidine, 0.5 mM ATE and 100/zM GTP 
at 37~  for 60 min. 
Measurement of lntracellular Ca  2+.  The measurement of cyto- 
plasmic free calcium  levels  was performed  with Fura-2 AM (Dojindo 
Laboratories, Kumamoto,  Japan) as described  previously  (10). Briefly, 
Fura-2 AM-loaded MOLT 16 cells (2  x  106) were suspended in 
loading  buffer, and mAbs (2/~g) to the surface  molecules  were added. 
Then, rabbit anti-mouse IgG Ab (8/zg) was added at the indicated 
time to crosslink the mAb. Fluorescence  of the cell suspension was 
monitored with a Fluorescence  Spectrophotometer F-3000 (Hitachi 
Ltd., Tokyo,  Japan) at wavelengths of 340 nm for excitation, and 
510 nm for emission with 10-nm slit widths for both. 
3sS-internal and 12SI-su~ce Labeling.  For internal labeling, the 
cells (107) were incubated in 0.5 ml of methionine-free RPMI 1640 
medium (Cosmo Bio Co. Ltd., Tokyo,  Japan) supplemented with 
10% dialyzed FCS at 37~  for 30 rain  and then cultured with 
3.7  MBq  Tran3SS-label (37  TBq/mmol;  ICN,  Irvine,  CA)  for 
2.5 h. After washing twice with PBS, the cells were lysed and the 
lysate was analyzed by SDS-PAGE. Fluorography was performed 
as described previously (11). 1~I surface labeling with NanSI (3.7 
GBq/ml;  New England Nuclear) was performed by using Iodo- 
beads  (Pierce Chemical  Co.,  Rockford,  IL)  according  to  the 
manufacturer's manual. 
Results and Discussion 
To search for GTP-binding proteins associated  with the 
TCR/CD3 complex, we applied the techniques of immuno- 
precipitation and GTP photoaffinity labeling. Briefly, MOLT 
16 cells were lysed in buffer containing 1%  digitonin, and 
the TCR/CD3  complex was immunoprecipitated with an 
mAb against CD3, OKT3, coupled on beads.  The proteins 
coimmunoprecipitated were incubated with o~-[32p]GTP, ir- 
radiated with UV to covalently link the labeled GTP to GTP- 
binding proteins (7), and then analyzed by SDS/12% PAGE. 
There were several  proteins coimmunoprecipitated  with OKT3 
in the lysate of MOLT 16 cells labeled with [3SS]methionine 
in addition to those corresponding to TCR-oe and/3 and to 
CD3  %  fi, ~, and  ~" chains,  as shown in Fig.  1 A.  Fig.  1 
B  shows  GTP-binding proteins in membrane and OKT3- 
immunoprecipitated fractions. The membrane fraction con- 
tained several GTP-binding proteins including 68,  66,  45, 
and 40 kD, and smaller mass proteins which competed with 
cold GTP for c~-[32P]GTP-binding.  In OKT3-immunopre- 
cipitated fraction, a 68-kD GTP-binding protein was found. 
The 68-kD protein was also coimmunoprecipitated with the 
TCR/CD3  complex in the lysate of the membrane treated 
with ol-[32p]GTP (data not shown). No change in the size 
of the 68-kD GTP-binding protein was observed in SDS-PAGE 
under reducing and nonreducing conditions. 
Since there are many nucleotide-binding proteins in the 
membranes and cytosols (12), the nucleotide specificity of this 
protein  was  examined.  Fig.  2  shows  the  GTP-binding 
specificity of the  68-kD  protein.  ATP  and  UTP  did  not 
compete for c~-[32p]GTP, whereas cold GTP competed effi- 
Figure 1.  Proteins coimmunoprecipitated with the TCR/CD3  com- 
plex and GTP-binding proteins photoafl~nity  labeled with ot-[3zP]GTP. 
(.4) MOLT 16 cells (107) were incubated in methionine-free RPMI 1640 
medium with [3sS]methionine for 2.5 h and then lysed in 1% digitonin 
solution. Precleared lysates were subjected to immunoprecipitation with 
mouse IgG or OKT3, and proteins in the immunoprecipitates were ana- 
lyzed by SDS/12% PAGE under reducing conditions. (B) Proteins immu- 
noprecipitated (I-plOt)  with OKT3 (OKT3) or mouse IgG (IgG), and whole 
membrane proteins were treated with ot-[3zp]GTP in the absence (Nil) 
or presence of 5-#M unlabeled GTP (cold GTP), and irradiated with UV 
as described in Materials and Methods. c~-[32p]GTP affinity-labeled pro- 
teins  were analyzed by SDS/12%  PAGE and autoradiography. 
ciently. These results indicated that the TCR/CD3 complex 
was associated  with  the 68-kD  GTP-binding protein. 
To characterize the 68-kD GTP-binding protein, the sen- 
sitivity for CT and PT was tested. CT and FT are well known 
ADP-ribosylation toxins and modify the function of Gs and 
Gi, respectively (13, 14). Fig. 3 shows the ADP ribosylation 
of  proteins in membrane and OKT3-immunoprecipitated frac- 
tions treated with CT or PT. A 45- (faint) and a 40-kD ADP- 
ribosylated protein were seen in membrane fraction treated 
with CT and PT, respectively.  The 38-kD band which ap- 
peared after treatment with either CT or PT was probably 
a proteolytic product of the Gi-oe subunit as reported by Iiri 
et al.  (9).  A 40-kD ADP-ribosylated protein was observed 
with  PT-treated  OKT3  immunoprecipitate.  The  ADP- 
ribosylated Ig H  chain appeared as a 50-kD band in both 
the CT- and PT-treated immunoprecipitates. It was noted that 
no ADP ribosylation of the 68-kD protein was observed in 
either the membrane or the OKT3-immunoprecipitated frac- 
tion. This is consistent with the result of a previous report 
that PIP2 hydrolysis induced by triggering the TCR was in- 
sensitive  for CT and PT  (5). 
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Figure 2.  Specificity in nucleotide-binding  of the proteins coimmuno- 
precipitated with the TCR/CD3 complex. MOLT 16 cells were lysed in 
1% digitonin solution, and the lysates were subjected to immunoprecipi- 
tation with mouse IgG or OKT3. Immunoprecipitates  were incubated 
with (x-[32p]GTP  in the absence (Nil) or presence of 5-#M unlabeled GTP, 
ATP, or  UTP,  and proteins  in immunoprecipitates  were  analyzed by 
SDS/12%  PAGE, 
We next examined  the association of GTP-binding pro- 
teins with other surface molecules related to T  cell activa- 
tion. MOLT 16 cells expressed CD3, MHC class I, LFA-1 
(CDlla), and LFA-3 (CD58) molecules on their surface (Fig. 
4 A). The ability of these surface molecules to mediate sig- 
naling for intraceUular Ca  2+ mobilization is shown in Fig. 
4 B.  The crosslinking  of the TCK/CD3  complex caused 
Figure 3.  ADP ribosylation of 
membrane and OKT3-immuno- 
precipitated proteins with cholera 
and pertussis toxins. Membranes 
and OKT3  immunoprecipitates 
prepared  from  MOLT  16  cells 
were  treated  with  preactivated 
cholera  toxin (CT) or pertussis 
toxin (PT) in the reaction buffer 
containing  [adenylate-32p]NAD 
as  described  in  Materials  and 
Methods.  ADP-ribosylated  pro- 
teins  were  visualized  by  auto- 
radiography. 
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Expression of surface molecules on MOLT 16 cells and Ca  2+ 
mobilization  induced by crosslinking of the surface molecules. (-4) MOLT 
16 cells (5  x  l0  s) were incubated with mouse IgG (dashed line) or mAbs 
against the indicated surface molecules (solid line) and stained with FITC- 
conjugated sheep anti-mouse  IgG antibody. Flow cytometric analyses  were 
performed by Epics profile (Coulter Corp., Hialeah, FL). (B) Cytoplasmic 
free calcium levels were measured with Fura-2 AM. We suspended Fura-2 
AM-loaded MOLT 16 cells (2  x  106) in loading buffer and added mAb 
(2 #g) and then rabbit anti-mouse IgG antibody (Ro~M) (8/zg) to cross- 
link the mAb at the indicated times. Fluorescence of the cells was moni- 
tored at a wavelength of 340 nm as described in Materlals and Methods. 
cxCD3,  o~HLA-A,B,C aLFA-1,  and c~LFA-3 indicate OKT3,  W6/32, 
TS1/22.1.1.13, and TS2/9.1.4  mAbs, respectively. 
biphasic Ca  2+  mobilization, but MHC class I caused only 
the late phase mobilization. No increase was induced by the 
crosslinking of LFA-1 and LFA-3 molecules. We therefore ex- 
amined the association of GTP-binding proteins with CD3, 
MHC class I, and LFA-1, which differently transduce Ca  2  + 
signaling.  As shown in Fig. 5 A, no definite GTP-binding 
protein was coimmunoprecipitated with MHC class I and 
LFA-1 molecules, although the immunoprecipitation of MHC 
class I  ol chain (45  kD),  82 microglobulin (12  kD),  and 
LFA-1 et (180 kD) and B (95 kD) chains was confirmed in 
each immunoprecipitated fraction  from 12sI surface-labeled 
MOLT 16 cells (Fig. 5 B). These results suggested that the 
68-kD GTP-binding protein was specifically associated with 
the TCR/CD3 complex which could mediate an early phase 
Ca  2+  mobilization.  The 40-kD  GTP-binding protein ob- 
served in Fig. 5 A may be identified with that ADP ribosylated 
with PT (Fig. 3), although this needs to be confirmed. These 
68-  and  40-kD  GTP-binding  proteins  were  also coim- 
munoprecipitated e~ciently with the TCR/CD3  complex 
in  1%  3-[(3-Cholamidopropyl)  dimethylammonio]-l-pro- 
panesulfonate  (CHAPS) lysate of MOLT 16 cells (data not 
shown). 
We thus found the TCK-associated 68-kD GTP-binding 
889  Ohmura et al.  Brief Definitive Report Figure 5.  GTILbinding  proteins coimmunoprecipitated  with surface  mol- 
ecules. (A) Preparation of MOLT 16 cell lysate, immunoprecipitation, and 
c~-p2P]GTP affinity labeling were performed as described in Materials and 
Methods using indicated mAbs. (/3) 12sI surface labeling was performed 
by using Iodo-beads (Pierce Chemical Co.) with [12SI]NaI according to 
the manufacturer's manual. Immunoprecipitated proteins with each mAb 
in lysates from 12SI-labeled  MOLT 16 cells were analyzed by SDS/12% 
PAGE and autoradiography. W6/32 and TS1/22 are anti-HLA-A,B,C and 
anti-LFA-1 mAbs, respectively. 
protein (termed TAGp68) in the human T cell line, MOLT 
16. TAGp68 was also detected in peripheral blood T  lym- 
phocytes (data not shown). It has been reported that a 74-kD 
GTP-binding protein was associated with the crl-adrenergic 
receptor in rat liver membrane and was supposed to couple 
to phospholipase C  (PLC)  (15). Pessa-Morikawa  et al.  (7) 
reported that a 68-kD GTP-binding protein was weakly ex- 
pressed in human thymocytes and increased in peripheral ma- 
ture T lymphocytes. Our TAGp68 could be the same as those 
reported as above. Recently, a 70-kD protein was demon- 
strated to associate with the CD3 ~" chain, and its phosphory- 
lation and association with the CD3 ~" chain were enhanced 
by TCR stimulation (16). TAGp68 may be distinct from the 
70-kD protein because our preliminary data indicated that 
TAGp68 was partially dissociated from the TCR/CD3 com- 
plex by PHA stimulation. 
We further demonstrated that TAGp68 was specifically as- 
sociated  with the TCR/CD3  complex which mediates an 
early phase Ca  2  + mobilization. There are several lines of evi- 
dence that GTP-binding proteins contribute to signal trans- 
duction including Ca  z  + mobilization. In addition to Gi, Gs, 
and p21TM (12), Gq and Gll have been reported to activate 
PLC-B1 (17). The role of TAGp68 in TCR signaling remains 
to be clarified. 
Another GTP-binding protein of 40 kD associated with 
the TCR/CD3 complex which was ADP ribosylated with 
PT is probably a Gi-c~ subunit (18). Sommermeyer et al. (5) 
reported that PT did not inhibit HP2 hydrolysis  in T  cell 
membrane fraction by TCR stimulation. This PT-sensitive 
40-kD protein, however, could be involved in TCR signaling 
indirectly because Gi decreases intracellular cAMP which in- 
hibits PLC activity (19). 
It was reported that a protein tyrosine kinase (PTK) p59~ 
was associated with the TCR/CD3 complex (20), and cross- 
linking of the TCR induced tyrosine phosphorylation of 
PLC-yl (21). These support an involvement of the tyrosine- 
serine/threonine  kinase network in T cell activation pathways. 
That is,  the PTKs p59~  n and p561ok are activated  by trig- 
gering the TCR and phosphorylate PLC, leading to the ini- 
tiation of PIP2 hydrolysis which results in the activation of 
protein kinase C, a serine/threonine kinase (22). Considering 
that the PTK inhibitors genistein and herbimycin A prevent 
the hydrolysis of PiP2 induced by the TCR stimulation (23, 
24),  and that G protein stimulators GTP3'S and AIF4-  in- 
duce tyrosine phosphorylation in T  and B lymphocytes (3, 
25),  GTP-binding proteins and FTKs seem to crosstalk  in 
TCR-mediated signal  transduction. 
In this study, we provide direct evidence for the associa- 
tion of a 68-kD GTP-binding protein to the TCR/CD3 com- 
plex. Further investigation is necessary to identify target pro- 
teins and to make clear the relationship between the 68-kD 
GTP-binding protein and tyrosine kinases in T  cell activa- 
tion pathways. 
We thank Drs. Shin-Ichi  Nishikawa  and Alan Rosen for critical  review  of the manuscript;  Dr. Jun Minowada 
for providing us with the MOLT 16 cell line; and Ms. Yayoi Tanabe for secretarial assistance. 
This work was supported by Grants-in-Aid  for Scientific  Research  from the Ministry of  Education, Science 
and Culture, and a grant for Research  for Intractable  Diseases  from the Ministry  of  Health and Welfare,  Japan. 
Address correspondence to Takafumi Ohmura, Department of Immunology, Kumamoto University School 
of Medicine, 2-2-1 Honjo, Kumamoto 860, Japan. 
Received.for publication 29 April 1992 and in revised  form 8June  1992. 
890  GTP-binding Protein Associated with the TCK/CD3 Complex ~l~fel'ences 
1.  Weiss,  A., andJ.B. Imboden. 1987. Cell surface  molecules and 
early events involved  in human T lymphocyte activation. Adv. 
Iraraunol. 41:1. 
2.  Graves,  J.D., S.C. Lucas, D.R. Alexander, and D.A. CantrelL 
1990. Guanine nudeotide regulation of inositol phospholipid 
hydrolysis  and CD3-antigen phosphorylation in permeabilized 
T lymphocytes. Biochera. j.  265:407. 
3.  Mire-Sluis,  A.R., A.V. Hoffbrand, and IL.G.  Wickremasinghe. 
1987. Evidence  that guanine-nucleotide  binding regulatory  pro- 
teins couple cell-surface  receptors to the breakdown ofinositol- 
containing lipids during T-lymphocyte mitogenesis. Biochera. 
Biophys. Res.  Coraraun. 148:1223. 
4.  Nel, A.E., M. Vandenplas, M.M. Wooten, R. Cooper, S. Van- 
denplas, A. P,.heeder, andJ. Daniels. 1988. Cholera toxin par- 
tially inhibits  the  T-cell response to  phytohaemagglutinin 
through the ADP-ribosylation of a 45 kDa membrane pro- 
tein. Biochera. J.  256:383. 
5.  Sommermeyer,  H., R. Schwinzer, V. Kaever, B. Behl, and K. 
Resch. 1990. The G protein coupling T cell antigen receptor/ 
CD3-complex and phospholipase C in the human T cell lym- 
phomaJurkat is not a target for cholera toxin. Eur.J. Imraunol. 
20:1881. 
6.  Kohno, K., Y. Shibata, andJ. Minowada. 1989. Two pathways 
for inducing interleukin 2 production  in MOLT16 cells, a 
human leukemic T-cell line: interleukin 1 pathway and inter- 
leukin 1-independent pathway. Lyraphokine Res. 8:173. 
7.  Pessa-Morikawa,  T., T. Mustelin, and L.C. Andersson. 1990. 
Functional maturation of human T lymphocytes is accompa- 
nied by changes  in the G-protein pattern.J. Iraraunol. 144:2690. 
8. Jin, Y.-J., L.K. Clayton, F.D. Howard, S. Koyasu, M. Sieh, 
R. Steinbrich, G.E. Tart, and E.L. Reinherz. 1990. Molecular 
cloning of the CD3r/subunit identifies  a CD3~'-related product 
in thymus-derived cells. Proc. Natl. Acad. Sci. USA.  87:3319. 
9.  Iiri, T., M. Tohkin, N. Morishima, Y. Ohoka, M. Ui, and 
T. Katada. 1989. Chemotactic  peptide receptor-supported ADP- 
ribosylation of a pertussis toxin substrate GTP-binding pro- 
tein by cholera toxin in neutrophil-type HL-60 cells,  j. Biol. 
Chem.  264:21394. 
10.  Gouy, H., D. Cefai, S.G. Christensen, P. Debr6, and G. Bis- 
muth. 1990. Ca  2+ influx in human T lymphocytes is induced 
independently of inositol phosphate production by mobiliza- 
tion of intracellular Ca  2§  stores: a study with the Ca  2§  en- 
doplasmic reticuhim-ATPase  inhibitor thapsigargin. Eur.J. Ira. 
raunol. 20:2269. 
11.  Chamberlain, J.p. 1979. Fluorographic detection of radioac- 
tivity in polyacrylamide  gels with the water-soluble fluor, so- 
dium salicylate. Anal.  Biochem. 98:132. 
12.  Simon,  M.I., M.P. Strathmann, and N. Gautam. 1991. Diver- 
sity of G proteins in signal transduction. Science (Wash. DC). 
252:802. 
13.  Cassel, D., and T. Pfeuffer.  1978. Mechanism of cholera toxin 
action: covalent  modification  of the guanyl nucleotide-binding 
protein of the adenylate cyclase system. Pr0c Natl./,cad.  Sci. 
USA.  75:2669. 
14.  Katada, T., and M. Ui. 1982. Direct modification of  the mem- 
brane adenylate cyclase  system by islet-activating protein due 
to ADP-ribosylafion of a membrane protein. Pro~ Natl. Acad. 
Sci.  USA.  79:3129. 
15.  Ira, M.-J., and R.M. Graham. 1990. A novel guanine nucleo- 
fide-binding protein coupled to the al-adrenergic receptor. I. 
Identification  by photolabeling of  membrane and ternary com- 
plex preparations. J. Biol. Chem.  265:18944. 
16.  Chan, A.C., B.A. Irving, J.D. Fraser, and A. Weiss. 1991. The 
~" chain is associated with a tyrosine kinase and upon T-cell 
antigen receptor stimulation associates  with ZAP-70, a 70-kDa 
tyrosine phosphoprotein. Prec. Natl./cad. Sci. USA. 88:9166. 
17.  Wu, D., C.H. Lee, S.G.R.hee, and M.I. Simon. 1992. Activa- 
tion of phospholipase C by the c~ subunits of the Gq and Gll 
proteins in transfected Cos-7 cells.  J. Biol. Chem.  267:1811. 
18.  Wang, P., N. Matsumoto, S. Toyoshima,  and T. Osawa. 1989. 
Concanavalin  A receptor(s) possibly  interacts with at least two 
kinds of GTP-binding proteins in murine thymocytes.  J. Bio- 
chem. 105:4. 
19.  Park, D.J., H.K. Min, and S.G.R.hee. 1992. Inhibition of  CD3- 
linked phospholipase C by phorbol ester and by cAMP is as- 
sociated with decreased phosphotyrosine and increased phos- 
phoserine contents of PLC-~/I.  J. Biol. Chem.  267:1496. 
20.  Samelson,  L.E., A.F. Phillips, E.T. Luong, and R.D. Klausner. 
1990. Association of the fyn protein-tyrosine kinase with the 
T-cell antigen receptor. Pro~ Natl. Acad. Sci. USA.  87:4358. 
21.  Weiss, A., G. Koretzky, R.C. Schatzman, and T. Kadlecek. 
1991. Functional activation of the T-cell antigen receptor in- 
duces tyrosine phosphorylation of phospholipase C-y1. Proc. 
Natl. Acad. Sci. USA.  88:5484. 
22.  Klausner, R..D., and L.E.  Samelson. 1991. T  cell antigen 
receptor activation pathways: the tyrosine kinase connection. 
Cell.  64:875. 
23.  Mustelin, T., K.M. Coggeshall, N. Isakov, and A. Altman. 
1990. T cell antigen receptor-mediated  activation  of phospholi- 
pase C requires tyrosine phosphorylation. Science (Wash. DC). 
247:1584. 
24. June, C.H., M.C. Fletcher,  J.A. Ledbetter, G,L. Schieven,  J.N. 
Siegel, A.F. Phillips, and L.E. Samelson. 1990. Inhibition of 
tyrosine phosphorylation prevents T-cell receptor-mediated 
signal transduction. Pro~ Natl. Acad. Sci. USA.  87:7722. 
25.  Campbell, K.S., and J.C. Cambier. 1990. B lymphocyte an- 
tigen  receptors (mlg)  are noncovalently associated with a 
disulfide linked, inducibly phosphorylated glycoprotein com- 
plex. EMBO (Eur. Mol. Biol. Organ.) J.  9:441. 
891  Ohmura  et al.  Brief  Definitive Report 